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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a driving circuit 
which is capable of driving with low power consumption 
even when capacitive load is at a low voltage. 
SOLUTION: A capacitive load 7 with its end grounded 
and an inductive element are connected in series 
through an analog circuit and connected with another 
capacitor 2 one end of which is grounded to form an LC 
serial resonance circuit. A PMOS switching element 5 is 
connected between the ungrounded terminal of the 
capacitive load 7 and a positive driving voltage source 
Vdd and an NMOS switching element 6 is connected 
between the ungrounded terminal of the above 
capacitive load 7 and the ground terminal to form the 
drive circuit. 
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PMOSh7y^5^«lU mffiffl6fcSM 

7 fc IEcOlg»mEii V d d fc <Oiat P M O S b y yi/X 
9 20 fcffiRU Sffiffl 7 fcttJ8WFi:tf)|8lfcNMO 
Sh^y^;*^ lfc*8tL*C*4.ll6Rfcfc4. 
[00 54] icoHit^Stio^Ts IBijff-tft^ 

«&T«EV (N2) £0 [V] tKSLS»-f€.|gt. 
|S]^K«ffiSfl 7c9iar?*EV (N3) 5Vdd [V] 

[00 5 5 ] m4«»1T1i. Sfifc, «»1 6<9*BT 

«ev (N2) srvdd [v] tgygLftfiftsiefc. 

Ifffi^mSPl 7<OJf^*!±V (N3) £0 [V] 

[0 0 5 6] it:. H8cOffij£fcH5^ffij£Wffijl£ 
(4. 3^HMNMOSf7yyX^3tPMOSb 
9y^'X^4A^=5r-S»CMOS 
i o-cfl&WMI 2 :teBg$r < & S <! fc fc » 1 7 </> 

ssb^ceev ( n 3 ) ^msff 1 6 coffi^mffv ( n 2 > 

fc R«SsEIWj WUf & ^>=5rv P M O S h 5 y 
S JX? 2 0 hNMOS h y> VX? 2 1 tfWtftl* t>tl 

[00 57] 
[00 58] 

[00 591 01 fc*tS»II]»li. 3 4 >H , 
2, Sft^'tgtfiSiXfcNMOS F7yyX? 3&£Zf 
6 , X^^ffiUME V d d (C|£Je£ iifc PMO S h 

yyitxfAhkvsfrm&iiti, n^mmnmm 
[0060] smmt^tmy- ucswafflie^s 

1, S l^A^ft&NMOSt-^yvX^SfcPM 
OS hyy~Jx?4blZ, T-lrWxA -y^y?" (CM 

[ 0 0 6 1 ] Hi Sr#B3LT . *«BBtffi6ffl»|5IJ»<0 



liMCfc^tlt HI 8(=^t!tffi*OK»ia»fc# 
ft t X V>fc ^ H 4 7 St/ 4 8 ^ fc A*. tfefc 

[ 0 0 6 2 ] $ fet N *3^lcff;bSmi9K<Qggt0! 
tfevvt^ miT1-vyx4 •yf-IUKfcL-Cs 
fijt n m o s h 7 y s^x? &tf*«mffi#lBi!ril± V d 

d fcftje § ilfc P M O S h 7 y y'X ? £ M^ftS Lfc c 
MO S b 5 yX7 r-y- Mi»tffli-*i fc £»fc 

1 0 0 6 3 ] H56U: J: 5iz. 01 8t^-8S»EI»T 
14. iJltfBIWEV d d 4* l o 0 [ v ] fiLhW J: 3 * 
*£fcHU flgfff«AWfc&*CS 6 £ fc <3tiT v \*> 

tiK mmsNa&ffmm 5 [vifflyommiws. 

&rrixy\sA+j: b'XU, H 1 8 &jft9&krtmmm 

[0064] U>L&#^ 4&Q£ffftBIMllVto£ 
W:S^tlt HlfcSH-idt» LC4t*[HSStE 
®<7)y4$--VtfisttiX^%:^cDX°. fiSf^i 

7 fc 3>f ;n fccorax*, s^tfimE^m^cog^ 

"IfgfcSii-rfcO, £<o*SH, ffi«E!B»coiSfl-r-fX 
7" W 4 if T fc . ffiil»«73lEli)^^ fc 4 2> . 
[0065] Hi 2&VH1 3«. 
HW>-SISS<Ht. HI 8t*^Uaw)KMHIKi:Wffla 

fc") v ftll**7<D*F«EE [V (Nl ) ] fctlVd 

dcommm^mm^t^ix^i. hi 2t±, hi 
\&F&&mmvmuwfc5 tv] sans-tr-sfcfcw 

T\ Hi 3«H1 8t^tfi£*coraWllS&-C5 [V] K 

[ o o 6 6 ] h i c***^fcffi*«»eittfcij(ra 

»K (HI 2#H3) tfc^T«. ftffi§fi7* s 2 00p 
F, fi2A { 2 0nF, 3^f;n^y^?yx^3 
2. 42mH s n-Y;H(0ffiK*«l 0Q. NMOSb^ 
>y'X^3, 6(4, Iffll* ! 6 0 0cra ! /V- 
s , f-v ^;kR*5 1 m , f-v ^Mi^ lOO^im, y 
-MHLRff 25nm, BBfiWElV, PMOS^y 
i>'7,^4. 5(4, IEfLf#tlJK* { 3 0 0cm 2 /V • s, 

^«W2 5nm, Pffl«J± 1 VCDfccoSrfflVifc. 
[0067] H 1 8(c*Lfcfi£*<0ffiiHa8<?5ll 
Ift (HI 3#M) ttJV»T{4. flffWi 7* 5 2 0 0p 
f, fl2i>'2 0nF s 3-f;n ?yxtf3 

2. 42mH. a^iVlCOmAtn OQ, NMOSh? 
y i?X?t,Z. VF®W}&tf6 0 0c mVV • s s ^--v 
^S*! 1 fx m , f-v ^;Hfg*s lOO^m. ^'-hKft 
MJf2 5nm, iffffilV, PMOSh^y^ 
(4. KjS* 4 3 0 0 c mVV • s s 

l^m. ^-+^;H@* f 2 0 0Aim. y-M?'ftlRJS2 5 
n m . iBiimff IV. ^ jj-- H 4 7 St/4 8 (4. JlTT 
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J:V4 4«4. _Ll2NMOS hJy'Jzf&XZ/PMO 

-MiS&£fflHfc. tfc^-f -yf*f4 5tti±lEPM 
OSh^yy^^, vf*F4 6fcliJJENMOS 

[ 0 0 6 8 3 ^ LT , 0 1 8 LftftftOUUliaHlC 

a^x. mm i mmm 8us,m2 vmsam i 

2 s , ^ 3 «$IH#*-78 s s H4 <r>mmm> 1 2 ju 

[0069301 2&tf0 1 3 t« s EIffiC0»^^S 
*Olfc«rofctl«, fi7t«*7^ffi7«JEE [V (N 
1 ) ] fctEKVdd0iffiOTfc*j [W] <OBS|SBttt£*L 

[ 0 0 7 0 ] 01 3tf3^»BS*»fe, 0 1 8fc*-t«* 

flBIHIIJSTtt, v (ni ) *5Jh#/T»B&fcs ^-f * 
-bW7-tSii:fci8HLfc, 1. 2 [vjgft^m 

[00 7 1 3-5- LT, «BE±#B#(7)^aiE^t* { SBI'T 

[00723 — ii 1 2commmzir:-tx at.* 

^{cf^^ias^oMfefimi, v (Ni ) «±# 
fc. 4^1«tE*t±, OTJWUt t> 1 mWHKBl 

[00 7 33 

[HWJ2 3 02 a, *$mmi<mmmco®m®m 

jrcl/t^S. 02C9IH&II1S&J4. 0 1 KS^&BHO- 

ib 9 , MNosb7y^6w -x wi^ijoffiii 
mi (-vdd) tzwfeztLX\->&. mfficommfc 
a. miiz^Ltzmm&tmmx'hztf, tcemmn 

SfffWE#+ V d dh-Vd dco^T'JlTOtiBD^ti 

[00 74]H2lC*ra»BIBfc. ftffi3g*7#2 0 
OpF, 3-f;HC0-fy^^^>-X^'3 2. 42mH, 
3-f ;H cOffifci^ 1 0Q. NMOSh-5Vv^^3, 6 
(4, m^mWfb 0 0 c m 2 /V ■ s „ -f -V *;hS# 
1 // m , ^-v ^/Hitf 1 0 0 n m N MHfcJSil 2 5 
nm N MOTffilV, PMOSh7yy'X^4, 5t4, 
SMmW?3 OOcraVV-s, f-**;!^** 1 ju 
^-v^MgA^OO/znu y-hS«ff25n 

[00 7 53 



[00763 04 ( a ) Izmm^WffiZin-? : V g(i 

(a) fciSf fl-t^m-tWVDti, NMOS 
7flf3tPM0S^ 7f-*^-4cO^'-h«Si 

fcEMn$iil.fi-§-?SB s i <7>£*>±# 19 tPi^^-ti-TIE 

[ 0 0 7 7 3 ttzTfr -f 7"7b U ?X& B B H^l-0*t 

^7£-£&Wltf&^=5:V^fcj5^ NMOS^vf 
*73iPMOSX-f v^7-4^^yLTV^4±iija 

[00 783 01 4 fcs 6. SM^A^O [V] t5 
[V] tMJBWWB»S«fcllK)*P«JE [V (N 
1) ] fc«*VddOM»^<0«l8BEftOl@i)ttS*S: 
Tp-f « 

[00793014 ti, 6. 5ffl^"*;k W^mHOix 
-bffitS5S/D. §I2^*10 0/iF, NMOS h- 5 
>^'X^3. 614. nrFmhW?9 1 7cmW ■ 
s. f-v^Ufi^O. 7 8/xiru f-r^/Hl^'8 0 0/^ 
m, ^"-bSfbMifl 6nm, Wfi«i±0. 7 V, PM 
OSh7yy^4« 5i41t7-^l6JS*>'6 4 3cmV 
V • s. -f-v^^'0. 94wm, f-v^MId 5 ! 6 
OOjunu *^MWUWl6nm, S3ffl«£E0 . 8V 

[00803 014fci5WT\ P l^fSatC h I iMftf. 

ST-mE [V (Nl) ] 4q»LTV»*. 
[ 0 0 8 1 3 P 1 <OflBT, iffSmj]* 1 *^ ftt-^ Sr 

[00823 

14. *»fcEpjD-r4^»ff-§-Sr 1 >£J±ti£ \Z 
&Lxmky 1 Hffi^«-t4 ifcfciDH 

[0083] 03^-f i 3 ^|S]mS^SSlBi)§ 
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HI 8 2: I TO^riffci: "3—ffl^fcT^$ilT*3 
8wmeSrVdd [V] £ 



T = 



4 x L 



4 L 



[0084] 01«Oi8iM3i&fciSVvt\ LCtt^^E 

»*muTv^iia<oLc«»oiawfflT2iwsji 

ttt# 7 <7Dffi*l$fSI t COS^f «J± V ( N 1 ) [ t ] (i N 
[0085] 

rati] 



■a) 



V<Nl)[t] 



= { clx (ciVcp) } x [ t - e " at { cos ^ t > + [-r] X8in(rT) }] 



[0 0 86] ±5$ ( 1 ) » (2) 4"OCl. VI 

(3). (4). (5)T«S*l4. *fc±*(l) . 

- R 

a = 

2L 



-(2) 

[0087] 
[&2] 



•(3) 



2 -1 

r= {-T^-[^-]} 



C = C p x 



C 1 
(Cp + CI) 



-(5) 



[00 88] LCJSRfcfcifcfc*. "T^rfc^V (N 
1) [t] #t-?«HU>i:*V (Nl) [T/2] 
tt, ±*U 1 K ( 2 ) J: 0 . ( 6 ) 



V(N i ) 



if) 



V 1 



C lx • 



(G i+Cp) 



[0089] 
[»3] 



4 L 



■C6) 



[0090] ai izTfiifms&mmz&^x . sw±< 
mmmjimmzm ±^ <6) 

i d 3-f /n CM y ^ ? <Sgttt(f ± 

±S ( l ) J: ft»r a %*< 



[0 09 1 ] 111 5fc, 9. AM^)ViQ [V] fc 5 

[v] r«iu«fcWBS*fellW)3-< A'lo-f 

d [V] l3g**"*IH) RtfflHMKjfl5W«**^. 
[0092] mi 5ti s 9 . 4i^*;i' > swifts 

-«6l2 0Q/n. §i2*U0O//F, NMOSb 
5V5>.X*3, 6fct if«A ! 9 17cmVV. 

^-v^/hfe^O. 7 8//m s f-r*/m#8 0 Oju 
nu ^-MHfclRJH 6nm, BBfiSEO. 7V. PM 
OSb7yy^4, 5am : f-^i)J** ;; 6 4 3cm2/ 
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V ■ s. f-v*;kft#*0. 94/im, -f^/HH* 5 1 6 
OOjum. y-MMJWl6nm. HttWEO. 8V 

[0093] ^mmmxu, m^mmm< l , ± 

5* (6) frt>3&>t>tl&V (Nl ) [T/2] 

Vdd*»&«&Sft4ifc&£^-e&.&. 
[0094] * fcg^Bfttf Jtl«rtMiKBttllS<l4il# 

[00 95] im%<vmm<?>-mh tx , ^antw 

cOiMftMSC-^T. 04 (b ) tH4 ( a) [Z%tl 
[00 96] -^y^-I^-XlBiUC-fSitfciOs & 

»ftse-f«)s«as:t4i/2 4:49, 

[00 97] 

ffissa»iii»«oflijs*^f0-efc»?, 06t±. *f£njj« 
— mww^vm&k^fmx'hh . 
[00 98] me^-rxdiz^ w^vfyn 

immi9<nmm}ift^<7)m>iznmim j rt*. 
mm ssr^&risMfit Ltrnffim 7«o2o£omffi 

»*»JftUs t*S¥ 1 6 1 4 tf)ifij£N l fcjg 

«U £S3 1 7 £!fflHlff£ 1 5coS6£N 1 fcSSRLT 
H 1 OlgiftHlKgf fc £ 2 WigiSIUffSSfcO 2ffic0l»H]gS 
W*»JftU mi<0K»HIKffiPtlB2c0ffiili[g»S*S: 
WZ®Mlz%&£ 3 SaWS . H -v hEC«Il8raB» 

[ 0 0 9 9 ] H7 t. *HSS0iJcOlBIS@?Sc7)|gi!)fl-^}S 
JBfcjjH". T F TMCi *<I#*Rfc EPflD-f Sit"?- $ 

%&£ot,zi-&. 

[o i oo] hi nzTp^tLhXo^n^mmi s#i 



[0101] m6cr>^%tVffim<7)~9mMb Lxm*m 

jjfiwwmmmommmz . 0 9 . 

[0 1 0 2] 09tc^Stii.J;-5(c. *ffrmiI2 3(i. 
ti7X£M2 9±cOH^mS2 5 i jlStltffi 2 5cOfi-f 

ti. Mrfi]mS2 3* s H5Rtgffi2 5 i:HfiHffi2 5cO<t-§- 

Jt»<g#i»-«|ftI1tfiiaS** t fiJST&. *fffl««2 3 
t#5XfflS2 9±«*«fifc«IBO*ftWIS*CS 

[0 1 03] H9t*TJ:"3*a!»Hlifc6. 5SV 
GAOVN-*;^* Wfanm2 3 t*"^xS«2 9ffJ|<73 
#mffira<7)^*) 1^4 0 [nF] fc^rO, 03^ 
*Wn°^^»5*-C^n 0 ^^§*»8 0 [ n F ] COSH/ 
2t=Srofc„ 

[0104] $fefc@5fc^$tlS^ttg|-Ctt. ttft 
2ot^JTC 2rxoS»EBTlHW-6fcft 1 o 

[0105] ^tLKJ; 0. ±5$ ( 1 ) T'^^Cpco 
±#§fcit«-n)ft«^P B WM*$ii. ±5* (6) vm 
S-h.*Cp(%*:*SfcRit0«-4-e-^«EV (Nl ) 

[T/2] #±#"D. Vdd^fef^-f2>iM»m^* s « 

[0 106] m5comfc$:bZ,Zbt,zX'9W'mgikcO^ 
!>, 

[0107] 

[H»J6 ] 01 OC, *^BjcOSi|c7)|||i^JcO«*^^ 

•r. ±ienffiPJ 5 ximttiw&m 1 6 1 ««bp i 7 0 
2-o«omffips-^-ti>ig, 01 oiz^tj: at. 4-r 

y^-y^y^§n^|6imsi 8S-1 7-^ VtsSte, 

c2<ofiartr, cr, ai ^t'w^mc i&sm^3 0 
zftLxmmjizimL. MmmbLtzmmm6*m 

[0108] ^t^fitnms 1 8±(aKttR»]itttX: 
8C0C lcOfigT'X-y^-y^fcJ; OfflflSf&gtMtay^ 

^ h*-;i-3 2 ^nrnttzm. c r . a 1 *iM«wMc 
j;i»smM3 1 *^Lt«««cieat, mmftt Ufc 

[0 1 09] MMffil 6. 1 7Sr, 01 O^ia^ffiJi 

tz-f izb tj: 0 , ^[fiimsi 8o*^a^* 5 ±T*^ 

i * i 3 (c* 0 . J: "3 a*W=5rfi?fflW*»MlSr "Tffi 
trr*. 
[0110] 
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[0 111] 06fcSrfJ;dK. ttffltffl 8*1 7-f 
yfe^(:o^v*'2-?^lffigl 6. l7«Lfcl 
Jifc-f*. HffiSl 6CNM0Sl7yy'X^3hPM 

ewfcjww-s . 1 6 tiEcoi«mrav d 
* . 4 1 7 Ewsamffisv d d t <omz P 

MOSh5yy'X^2 0«IL. «S»1 7k«fiiJB 
fi(?)B(:NMOSh7yy^^2 1 ^SSK^S. 
[0112] »«^«^(iS7 fcjSfJ: 3 •) . ± 

rti. mmm 1 6 cosbtoe v ( n 2 ) * 0 [ v ] t» 

jeL«JW*WC. HWfc«MPfl7f!)JKPlffiV (N 
3) £Vdd [V] fciSStfiattS. JMOHIBTtt 
it. VSffl 6C0S^«EV (N2) £Vdd [V] 

(N3) $-0 [V] (cR5gL«*t*. 

[0 113] afc08^«fcE5<O«jaoffli!j5(i. 
3^;HSy'NMOSl7yyX^3tPMOSh7y 
y'X? 4 frfcSrS C MO S F 9 >X7 T F# 1 0 

2 j&s&gS: < «r S £ 1 1 . WSffi 1 7 <0igHF 

%sn (N3) s-wesi 6ws7-mffv (N2) tn 

Wx&wm IWiUi* t>%^tmb. PM0Si5yy 

[0114] 08£O*«cOS*6<J^IIIK«flg{i, II 1 1 

iZ7fitxtthcot%&. 01 1 izm-mmz&^x . 
[o i is] hi eiz^-tmmmmxu. m#s*3 

3, 344>*20nF, 3^H^7^?/^lm 
H „ 3-f;HOffijffi^2 5fl, NMOSb^yy'X^ 
3 s 6 s 2 1 1^tllS* { 9 1 7 c m'/V • s s 
f-V ^/Wft** 0 . 78yxm s ^-/Hl* 5 lOO^ira, 
^-FlKfcJIWl 6nm, WtflffiO. 7V, PMOS 
N5yjy'X^4. 5, 2 0ttWPBW** t 64 3cm* 
/V ■ s s ft^/^ljtiin, f--v ^-/HIS* 4 2 0 0 ju 
m, y-hMtMJf 1 6nm, HMMJIO. 8V<7)t<7) 

[ 0 1 1 6 ] 0 1 6<7)^^WJ: 0 fc s m®P 1 6<7) 
SffiffHEV ( N 2 ) tm«^ 1 7C0S^«J±V ( N 3 ) 

[0 117] ££01 6<75*g*#>i5>, 08Offij£2rfc& 
i 1 1 <* 0 » KS#f fc#>*J«6: <^ F 7 F R«SHBKOT # & 
ffiiiSt * KM * TOST* # { ^fff § . 



[0118] 

imi] *m&mkmi<r%mmzmi-t 
mx'hh. 

[03 ] *fm?mm3mto®mwRthi&><?i 
mx'h&. 

[04 ] *ffljM&M4 *mti-&i&xoMb£mn 
rnxhh, 

[06 j *wmmw\ 5 *wm-uz#>cr>rt*)vim. 
xh h . 

[07] *%!l3a£lt0|5. 7&KW-6fcft«iraWi 

[09 ] ^wmmmm^co^/mmco-m^-rm 
wmxfoh* 

[010] 6 £iKBfr$-s f>too^r6isffi 

yO«0T-*l>„ 

[0ii] *w&mmiei3&fflm*7rrtmmA 

X'foh* 

[012] 4^039001 1 <nmmm$k*^-tmx'fo 

[01 3] JtRWfcLT, «£5feSE»HI8&«0^aBS«S-* 

-tmx'hh. 

[014] *7lBJcO»SM3^aM**^-r0T-* 
[01 5] *f8W3gOtW3£*SVYt, 9. 41a'W 

T"y03 -i >v i co-Y y^'^ 9 vx t ^mm^>m^^ 

m (Jtl&lffitfWEEtfVdd [V] fc^f^Btra) 
[016] *»B^*»j7cO« S :«flBiO«SlMftSr 
[01 7] S»W^^jtSr^-f0t'J)l.. 

[018] «e*<o8aftiiisfoflijjt&*^Hr*s. 

1 

2 ^4 

3. 6, 2 1 NMOSX-f 7f-*-? 

4. 5. 2 0 PMOSX-f 7f-* : f 

7 

8. 13 ffiWEI 
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9 7Emmm®3& 

1 0 TFT 

1 1 
12 

14.15 IgiM 
16.17 MMffi 

1 8 ^ff^ms 

1 9 mmwM 

2 2. 2 9 #5* 

23 n^imm 

2 4 $ H B H /1 



2 5 M^^M 

2 6 fi-fig 

27 mmmmma 

2 8 ^-bjg3£S 

30. 31 mms 

3 2 ay?<?Y*-)V 

3 3. 3 4 flffftJI 

4 1 ajiv 
42 §1 

43. 44. 45. 46 X>f vfif 
47. 48 ^>f*-H 



[01] 



Vdd 

a 

A.-PMOSX-f y^JffF 



Vdd 






7; MfSft 



6 ;NM0SX-f 



[02] 



St 



1; n^fJU 




4;PMOS*-f ^ff 



Vdd 



/I 

SI 



Vdd 



S2 



, [ H---5;PM05X^ 



53 Hh 



/ 



I -Vdd 

6. INMOST?**? 



[018] 
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[03] 



XL 

EL 



X 



EL 



IO;TFT 



3iNM0S^^*^ Vdd 



SI f 

Vdd — wmr- 



NT 



WW 



SI 



[04] 



(a) ttM*M*mwe: 
CV)i 



Vg ON 



(Vg) 




Vg OFF 




Vdd 


(VD) 






0 




Vdd 


(SO 






V<$ 


(S2) 






0 




Vdd 



! I 



(b) -o^-u-aBftSrffl^fc 
Vg ON i 



(Vg) 

V *Wd - 
(VD) 

(SI) 

(S2) 

(S3) 



Vdc 



Vd3 



Vd^" 



r 



0:- 



CsecD 



[06] 
[ 5B»Eiat4PftjftN1 
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IM51 



^¥9-2 97 563 



Vdd 



3;NM0S s ^ 



5;PM0S 



2; 



I. 



4^ 

F'" 

SI 



S3HR-1 
T4;PM0S H) linp 





2 


— l 
E 




i 

"E. 


"Br 


-t 

-10;TPT 


< 


















r 




1 




"X — 
"n 

H, 


4 




"EJ 


•■36 


— — ■ ( 



S 1 3jNMOS vdd 5jPM0S 



V. 



' /dd —%IfP-^ 



,N1 



1 I 



-ifj\ s3cHBn 

6;NM03 j 
51 ^-f^SH 1 i 



(15) 
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[137] 



[010] 



(V] ! 

Vdd| 
(VD1) i 

f 

Vddf- 

CVD2)i 
i 

0 



Vdd 



(SI) 



Vddi - 
CS2) j 

I 

Vddj | 

(53) | ' 

or 

i 

Vddf- 

(54) | 

01 
i 

Vdd!~ 

(55) J 



(sec) 



{ A ) 




tffl 



30 5** St 



1TJ 



(B) 



30;$«& 



2^;^H»;1 



[129] 



T 



EZZzjzzZZZZl tvj^ v///X/rrr-A I 
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